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(54) [Title of the Invention] A catalyst system for 
exhaust gas purification . 



(57) [Abstract] 
5 ■ 

[Objective] To reduce roadside NO2 pollution in the 
case of using a noble metal catalyst for- exhaust gas 
purification in a lean burn engine. 

10 [Structure] A catalyst system for exhaust gas 

purification where, as well as arranging a noble metal 
catalyst comprising' a single Pt, Rh or Pd component, or 
comprising a combination of these, in the upstream high 
exhaust gas temperature region of an exhaust system 

15 such as that' of an internal combustion engine, there. is 
also arranged one' or more transition metal /alumina 
and/or transition metal/zeolite catalysts in the 
downstream low exhaust gas temperature region. 

2 0 [Effect] The NO2 which is produced due to oxidation by 
the noble metal catalyst in the high exhaust gas 
temperature region is reduced" by the transition 
metal /alumina catalyst and/or transition metal./ zeolite 
catalyst in the low exhaust gas temperature region. 




25 



[Scope of Claims] 



[Claim 1] A catalyst system for exhaust gas 

purification which is characterized in that, as well as 
5 arranging, a noble metal catalyst comprising a single 
Pt, Rh or Pd component, or comprising a combination of 
these j in the upstream high exhaust gas temperature 
region of an exhaust .system such as that of an internal 
combustion engine, there is also arranged one or more 
10 transition metal/alumina and/or transition metal/- 
zeolite ' catalysts in the downstream low exhaust gas 
temperature region. 

[Detailed Description of the Invention] 

15 

[0001] 

[Industrial Field of Application] The present 

invention relates to an exhaust gas purifying catalyst 
20 system for lowering the nitrogen oxides, in particular 
the NO?., in the exhaust gas discharged from the engine 
of a vehicle such as a motor car. 

[0002] 

25 

[Prior Art] In order to remove the. CO, HC and NOx in 
motor vehicle exhaust gases, various so-called three-way 
catalysts have been proposed hitherto, and one of the 
effects to be expected from using these catalysts is that 
■ 30 the NOx is reduced to by reaction with CO, H2 and HC. 

[0003] 

[Problem to be Solved . by the Invention] However, in 

35 . the' case where these catalysts are employed in an 

engine with a high air/fuel ratio (a lean burn gasoline 

engine or diesel engine), since the oxygen 

concentration in the exhaust gas is high the CO or HC 

which serves as the reducing agent preferentially 
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reacts with the oxygen, so that the aforesaid reduction 
of the NOxto N2 is not very easy. 

[0004] Moreover, when these catalysts are employed in 
5 an exhaust gas at high temperatures above a certain 
level , (for example temperatures of 350°C and above) in 
order to maintain high CO or HC purification activity, 
it has been found that unreacted NO in the exhaust gas 
is actually oxidized to NO2. so there is an increase in 
10 the amount of iSI02 discharged. 

[0005] NO, NO2 and other types of NOx are all 
substances which have adverse effects, but, amongst 
them, it is the NO2 which is said to have the strongest 

15 adverse influence in relative terms on the human 
respiratory system and, furthermore, it is shown to be 
fast-acting. Hence, when one takes into account the 
fact that motor vehicle exhaust gases containing a high 
concentration of NO2 are discharged in the vicinity of 

20 trunk roads, and that such gases remain in these areas, 
then, as an outstanding priority, attention should be 
given to the respiratory health problems caused by the 
NO2 to people living along the roadside rather than to 
the problems due to other types of NOx. For example, 

25 in section 38 of the Environmental Protection Agency 
Notification based on the stipulations in. Article 9 of 
the Basic Law for Environmental Pollution Control (1967 
■ Law, No 132) it is the NO2 from amongst the various 
types of NOx which is first and foremost made the 

30 subject of control. . 

[0006] Thus, the present invention aims at providing, 
as far as possible, an effective means for lowering 
roadside NO2 pollution in the case where a three-way 
35 catalyst is employed in a lean burn gasoline engine or 
diesel engine. 



[0007] 
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[Means for Solving the Problem] The means for solving 
the aforesaid problem is a catalyst system for exhaust 
gas purification where, as well as arranging a noble 
metal catalyst comprising a . single Pt, Rh or Pd 
5 component, or comprising a combination of these, in the 
upstream high exhaust gas temperature region of an 
exhaust system such as that of an- internal combustion 
engine,, there is also arranged one or more transition 
metal/alumina and/or transition metal/zeolite catalysts 
10 in. the downstream low exhaust gas temperature region, 

[0008] 

[Action] When the exhaust gas. from a lean burn engine 
15 is treated with a noble metal catalyst in the upstream 
high exhaust gas temperature region of the exhaust 
system, ' purification of the CO and HC is effected 
while, on the other hand, unreacted NO in the exhaust 
gas is oxidized to NO2. 

20 

[000.9]" By subsequently treating this NO2 with a 
transition metal/alumina catalyst or transition 
metal/zeolite catalyst in the downstream low exhaust 
gas temperature region there is reduction to NO, after 
25 which discharge talces place. There is no fundamental 
difference in terms of action between' the transition 
metal/alumina catalyst and the transition metal/zeolite 
catalyst. 

30 [0010] For the NO discharged in the regions around 
trunk roads to be oxidized to NO2 in the air requires a 
certain length of time, and the greater part of the NO 
will have dispersed to regions beyond the vicinity of 
the trunk roads by natural dispersal and dispersal by 

35 the wind, etc. , over the period, prior to. such oxidation 
occurring. Hence, for people living near ' the roadside 
the respiratory health problems brought about by NO2 
are lessened. The effects of NO are qualitatively 
different from those of NO2 and, furthermore, it is 
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believed .to be slower acting. Consequently, the 
effects of an NO build-up (during the period prior to 
dispersal) in, the regions around trunk roads are 
correspondingly lower when compared to those of NO2. 

5 

[0011] . . ■ ■ 

[Effects] The inventive catalyst system for exhaust 
gas purification can reduce roadside NO2 pollution in 
10 the regions around trunk . roads . 

[0012] 

[Practical Embodiment] Next, a practical . embodiment of 
15 the invention is explained, 

[0013] In the present invention, "high exhaust gas 
temperature region" refers to a region within the 
exhaust system which exhibits an exhaust gas 

20 temperature such that unreacted . NO is oxidized to NO2, 
in the treatment of a lean burn engine ■ exhaust gas by 
means of a catalyst. More specifically, examples 
thereof are upstream regions of the exhaust system 
■ where the exhaust gas temperature is about 350°C or 

25 above, or the exhaust manifold and vicinity thereof 
within the exhaust system, but there is no restriction 
to these particular examples, 

[0014] A "low exhaust gas temperature region'"' refers 
30 to a region within. the exhaust system where an exhaust 
gas temperature is shown which does not bring about the 
aforesaid oxidation of unreacted NO to NO2, in the 
treatment of a lean burn engine exhaust gas by means of 
a catalyst. . More specifically, examples thereof are 
35 those regions on the downstream side of the exhaust 
system where the exhaust .gas temperature is around 
300°G or below, but there is no restriction thereto. 



[0015] "Noble metal catalyst" refers to a catalyst 



produced by supporting Pt or Pd alone, or . Pt and Rh 
(rhodium) or Pd and Rh on an alumina carrier. The 
catalysts where both Pt and Rh or Pd and Rh are 
supported include catalysts where both have been 
5 supported in a mixed state and catalysts where they 
have been supported in a so-called two-stage state. 
The carrier may be. a monolith carrier ■ such as for 
example a honeycomb structure or, alternatively, a 
granular material such as pellets may ' be employed. 
10 There are no particular restrictions on the amounts of 
Pt/Rh or Pd/Rh supported in terms of the carrier. The 
. noble metal catalyst may also include cerium oxide 
(CeOz) . 

15 [0016] "Transition metal/alumina catalyst" refers to a 
catalys.t where a transition metal is supported on an 
alumina carrier, ' and "transition metal/zeolite 
catalyst" refers to a catalyst where a transition metal 
is supported on a zeolite carrier. Furthermore, while 

20 there are no particular restrictions on the type of 
transition metal in 'the catalyst, Pt, Pd (palladium) 
■ and Cu (copper) are especially preferred. Rh can also 
be used but it is not ideal for reasons of cost, 

2 5 [0017] For example, there can be used one or more than 
one of the following as the aforesaid transition 
metal/alumina catalyst or' transition metal/zeolite 
catalyst.- 

30 Pd/alumina catalyst 

Pt/alumina catalyst 
Pt/zeolite catalyst 
Pd/zeolite catalyst . ' 

Cu/zeolite catalyst 

35 

[0018] In the aforesaid transition metal/alumina 
catalyst or transition metal/zeolite catalyst the type 
of alumina or zeolite carrier is not restricted. These 
carriers may be a monolith carrier such as a honeycomb 
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structure, or a carrier in the form of pellets may be 
employed. The amount of supported Pt, Pd or Cu, etc., 
is not particularly restricted. 

5 [0019] In the case where two or more transition 
metal/alumina or transition metal/zeolite catalysts are 
used, these may be employed mixed together in the form 
of pellets, or they may. have a mixed state on the same 
carrier or be supported in a so-called two-stage state. 

,[0020] 

[Examples] Examples of the present invention are now 
explained. 

15 

[0021] [Preparation of the Pd/alumina catalyst and 
Pt/alumina catalyst] 100 parts by weight of alumina 
and 14 parts by weight '.of an aqueous solution of 
commercial aluminium nitrate were subjected to ball 

20 milling along with water and nitric acid, to produce a 
wash coat slurry. A 1.3 litre integral cordierite 
carrier containing about 400 channels per 1 square inch 
of cross-sectional area was iiranersed in the wash coat 
slurry. Next, the excess liquid within the cells of 

25 the integral carrier was blown away using compressed 
air, and the carrier then dried and fired for 1 hour at 
700°C to produce an integral carrier coated with about 
50 |am of alumina. 

30 [0022] Two such aforesaid integral carriers were 
respectively immersed in nitric-acid-acidified aqueous 
solutions of dinitrodiamine palladium and 

dinitrodiamine platinum of specified concentration and, 
after drying, .they were then fired' at 200°C for 1 hour 

35 so that 2.0 g/litre of palladium and of platinum were 
respectively supported. 

[0023] [Preparation of the Pd/zeolite catalyst and 
Pt/zeolite catalyst] 100 ' parts by weight of Na-type 



ZSM-5 zeolite powder in which the Si (silica) /Al 
(aluminium) ratio was 40, 70 parts by weight of a 
silica sol (SiOa 20 wt%) and 80 parts by weight of pure 
water were stirred together, to prepare a slurry. 

'5 Then, a 1.3 litre integral cordierite carrier 
containing about 400 channels per 1 square inch of 
cross-sectional area was immersed in the wash coat 
slurry.. Next, the excess liquid within the cells of 
the integral carrier was blown away using compressed 

10 air, and the carrier dried for 3 hours at 100°C and 
then fired for 2 hours at 300°C, with this being 
repeated twice, ' after which further firing was 
conducted for 3 hours at 500°C, to produce a zeolite 
layer on the integral carrier. The amount of zeolite 

15 was 120 ± 5 g per 1 litre of the honeycomb carrier. 

' [0024] Two such aforesaid honeycomb carriers with a 
zeolite layer were respectively immersed for 24 hours 
in aqueous solutions of dinitrddiamine palladium and 

20 dinitrodiamine platinum of specified concentration and, 
after lifting them out and blowing away the excess 
liquid, they were then fired at 250°C for 1 hour. When 
the catalysts obtained were analysed by atomic 
absorption spectroscopy, there was found to have been 

25 supported 1.73 g of Pd or Pt per litre of catalyst, 
that is to say 1.44 wt% in terms of the zeolite layer. 

[0025] [Preparation of the Cu/ zeolite] 100 parts by 
weight of Na-type ZSM-5 zeolite powder of Si/Al ratio 

30 40 were left for several days in 2000 parts by weight 
of aqueous copper acetate solution (concentration 
0.04 mol/litre) , after which' the powder was removed and 
dried, and zeolite in which the ions had been replaced 
by Cu was obtained, ' Next, 100 parts by weight of this 

35 Cu/zeolite catalyst, 70 parts by weight of silica sol 
(Si02 20 wt%) and 80 parts by weight of pure water were 
stirred together, nitric acid' added such that the pH 
lay in the' range 3-6, and a slurry prepared. Then, a 
1.3 litre integral cordierite carrier containing about 
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400 channels per 1 square inch of cross-sectional area 
was immersed in the wash coat slurry. The excess 
liquid within the cells of the integral carrier was 
blown . away using compressed air, after which the 
5 carrier was dried for 3 hours at lOO'C and fired for 2 
hours at 30O''C, with this being repeated twice, and 
then further firing carried out' f or . 3 hours at 500°C, 
to produce a. Cu/zeolite catalyst layer on the integral 
carrier. The Gu. ion-exchange level in this Cu/zeolite 
10 catalyst was 105%. 

[0026] [Experimental Examples]- A noble metal catalyst 
was arranged in joint 3 near, to the exhaust manifold- 2 
in engine 1 of Figure 1, and then in first container 
15 region 4 on the downstream side- there was arranged one 
of the aforesaid transition metal/alumina or transition 
metal/zeolite catalysts. ■ These were respectively taken 
as Experimental Examples 1 to 5 . 

20 [0027]' In Experimental Examples 1 to 5, engine 1 had a 
displacement of 2 litres, and the engine was operated 
at A/F = 20,' 1200 rpm and 40 Nm. In such 

■circumstances, the inlet gas temperature at joint 3 was 
400°C, the concentration of NO in the emergent gas was 

25 600 ppm and the NO2 concentration 400 ppm, while the 
inlet gas temperature at first container 4 was 250°C.. 

[0028] In Experimental Examples 1' to 5, the NO 
concentration, the NO2 concentration and the NO2/NO 
-3 0 ratio in the emergent gas from first container 4 were 
as shown in Table 1, and it is clear that a 
considerable part of the NO2 in the exhaust gas was 
reduced to NO in these examples. 



35 



[0029] 



[Table 1] 
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Experimental 
Example 


Catalyst 


NO 

Concentration 
(ppm) 


NO2 

Concentration 
(ppm) 


NO2/NO 


, 1 


Pd/alumina 


845 


150 


0.17 


2 


Pt/alumina 


815 


108 


0.13 


3 


Pt/zeolite 


797 


57 


0 . 07 


4 


Pd/zeolite 


976 


84 


0.09 


5 


Cu/zeolite 


950 


45 


0.05 



[0030] When employing an engine of the kind shown in 
5 Figure 1, depending on the driving conditions there 
will be cases where the inlet gas temperature at first 
container 4 is also' rather high (for example around 
400°C) while the inlet gas temperature at the 
downstream second container 5 is low (for example 
10 around 2 50°G) , and in such circumstances the noble 
metal -catalyst can be arranged in first container 4 and 
the transition metal/alumina or transition metal/ 
zeolite catalyst in second container 5. 

15 [Brief Explanation of the Drawings] 

[Figure 1]. This shows schematically the structure • of 
an experimental example in the present invention. 

20 [Explanation of the Numerical Codes] 

1 ... engine 

2 ... exhaust manifold 

3 ... joint 

25 4 ... first container 
5 ... second container 
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[Figure 1] 
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